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ANOTATION 
 
This master thesis is dealing with journal bearing design of the compressor. 
For this purpose a special programme was purchased called JDynamic. This software 
provides a valuable asset to the journal bearing design problems. Programme results 
of the real compressor were written into parametric study. Test of real compressor 
measurement was carried out. Modification of the journal bearings was focused on 
lowering power losses.    
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INTRODUCTION 
 
Journal Bearings are integral part of many machines. The design of such a 
bearing is quite complex and difficult science, if we want to achieve very good 
results. It contains many parameters, which are the objects of my master thesis. A 
huge development of lubrication of journal bearing is connected with Industrial 
Revolution. The real breakthrough in hydrodynamic theory was discovered by 
Beachamp Tower with radial sliding bearing.  He was focusing mainly on bearings 
used in railway industry. The most famous equation in hydrodynamic can be 
assumed the Reynolds equation, which was formulated in 1886 by Osborne Reynolds 
(1842–1912). Another very important finding for practise was made by professor 
Richard Stribeck (1861–1950), who is known for his Stribeck curve.  
 
This paper is focused on the design of journal bearings of the compressor. It 
is an analytical work based on software called JDynamic. It uses input parameters of 
the compressor to calculate important data like peak oil film pressure, or bearing 
lubricant flow. Many researches´ works are devoted to the problems of the design of 
journal bearings. The analysis of this programme could help to design better journal 
bearing, improved their characteristics without too much effort and less money. 
Generally journal bearings are used for transferring load via lubricant film, which is 
squeezed between inner diameter of the bearing and the journal. 
 
The motivation of this work was at the first place the concern of Emerson™ 
climate technologies to improve their compressor’s bearing characteristics. 
According to the assignment I should be able to analyze present compressor´s 
bearing and show the direction how to improve them, especially the losses. 
 
The goal of my master thesis is to help to improve recent journal bearing of the 
compressor D4DT with the mentioned purchased software. The result of this paper 
should be the verification of theoretical results with experimental data.  
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1.  REVIEW OF THE CURRENT STATE OF KNOWLEDGE 
 
1.1  Lubrication categories 
 
Depending on the method, which is used to carry the load between two surfaces, 
a few regimes of lubrications are distinguished. One of the best graphs, which can 
show us conditions for different types of lubrication, is Stribeck curve (Fig. 1). This 
curve describes friction coefficient as function of oil viscosity, contact velocity and 
load (last three quantities are known together as hydrodynamic parameter). 
 
 
Types of lubrications: 
 
• Hydrodynamic lubrication 
The surfaces are completely separated by a lubricant film; it means that the load 
is fully carried by fluid pressure only. Wear is very low, almost nonexistent. In my 
point of view only this type of lubrication is considered. 
 
• Mixed lubrication 
In this case a lubricant film is presented, but it is thinner than the previous one, 
this means that intermittent contact appears. There is moderate wear and under 
certain conditions it is light. It depends on chemical activity of the lubricant and 
contacting surfaces. 
 
• Boundary lubrication 
This kind of lubrication occurs, when the thickness of the lubricant film is too 
low and it is not enough for separating the contact surfaces. This is happening when 
the amount of lubricant is low or relative motion of contact surfaces is too slow for 
creating of lubricant film. It could be also caused by low oil viscosity. Viscosity is 
influenced mainly by temperature. 
Fig. 1 Stribeck curve [9] 
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1.2  Fluid properties 
 
The hydrodynamic bearings are using the media which is trapped between two 
surfaces. The lubricant is sheared over and over again without any apparent damage. 
The media can be grease, a liquid, such as oil and water or it can be also a gas, such 
as an air. Each of these lubricants has their own unique properties that make them 
suitable for certain bearing applications. In our case only incompressible Newtonian 
fluids (Fig. 2)will be taken to account. This condition is valid for 99% of all 
hydrodynamic bearings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
1.2.1  Viscosity 
 
Viscosity is crucial property of liquid lubricant, which is occurring by shear 
resistance of movement of their particles. Regarding to Newton´s law for motion of 
liquid with laminar flow definition is given: shear stress τ in level parallel with 
laminar flow is proportional gradient of velocity du/dy or shear sweep D (Fig. 3). 
 
                                               	1.1 
 
Very often is used also another related term called kinematic viscosity , 
which is defined as a ratio of absolute viscosity and density of given temperature. 
Many liquids, which are used for lubricating, behave nearly Newtonian, and it is 
assumed that the relationship is linear. One group does not fit to this category – 
greases. In this case extra precautions have to be made. 
Fig. 2 Newtonian fluid [10] 
1.2 
1.2.1 
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Fig. 3 Viscosity [11] 
1.2.2  Influence of temperature on the viscosity
 
The temperature is one of the most significant factor influences the viscosity
The second important 
important like thermal capacity or thermal conductivity. 
viscosity descends with increasing temperature. From the load point of view 
increasing temperature significantly reduces load capacity of bearings. Th
important to have a suitable model describing the viscosity dependence on the 
temperature of used fluid.
Fig. 4 Absolute viscosity [3]
 
 
 
 
 
 
 
 
 
 
 
 
 
factor is pressure. Sometimes other factors are also very 
Fig. 4 below 
 
 
. 
shows the 
erefore it is 
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1.2.3  Lubricant additives 
 
The properties of lubricants are strictly influenced by industry. These mediums 
have to stand against a number of extreme conditions like high speed, temperature or 
pressure. If we want to obtain decent performance from a given lubricant countless 
of additives are used to improve their qualities.  
 
1.3 Journal bearings 
 
Despite the fact that modern machinery tries to eliminate journal bearing, they 
are still very sophisticated and irreplaceable in some cases. Fig. 5 shows a 
description of important parts. Generally the journal bearing is consists of two 
essential parts: journal and bearing. Journal usually provides a rotation motion (for 
example shaft of the motor), sometimes it can be the bearing and occasionally it 
could be also both parts (connecting rod that joins a piston and the crankshaft in an 
automobile engine). If we compare the rolling elements bearing with sliding bearing 
there are some certain advantages which makes journal bearings superior to rolling 
elements bearings. For example they can carry heavier loads, operate at higher 
speeds, price is lower, (this is quite important factor today) there are more reliable 
and one of the biggest benefit is that they may last indefinitely if they are designed 
well.   
 
The lubricant can be supplied to the journal bearing basically in two ways: 
 
• pressurized 
• non-pressurized 
  
In non-pressurized case, the lubricant is supplied as an oil ring, a wick, or via hole in 
the middle of the shaft.  
Fig. 5 Journal Bering [12] 
 1.2.3 
1.3 
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If the decision will be made for pressurized feed, there is a system which 
provides a continuously lubrication consists of: supply and return lines for the oil, a 
storage tank, filter, temperature sensors and pressure regulators. In my case the test 
will be taken under the pressurized condition, also there will be test with various 
input oil pressures. 
 
1.3.1 Theoretical consideration 
 
 When journal bearing is chosen, there are some aspects that have to be 
solved. Some of them like a load and film thickness need to be solved with 
mathematics. Other such as the lubricant supply, the materials and the design criteria 
are more based on experience. 
 
1.3.1.1 Geometry  
 
 Calculation geometry for pressure distribution of the journal bearing is 
essential as well as solution of Reynolds equation. 
 
 
Main parameters: 
                             e – eccentricity 
                            C – radial clearance 
                             h – local gap (film thickness) 
 
Basic formulas: 
 
eccentricity ratio:                       (1.2) 
 
Fig. 6 Journal bearing geometry [1] 
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clearance ratio:                                (1.3) 
 
lubricant film thickness:                                         (1.4) 
 
For real conditions the influence of side leakage on the load capacity, fluid 
flow, losses or temperatures are taken into account. This theoretical analysis is 
limited to incompressible, non-dynamically loaded bearings and infinitely wide 
bearing. 
 
1.3.1.2 Pressure distribution 
 
Definition of variables in Fig. 7: 
 
Φ  -  load angle, smallest angle between load line and line of centers 
α
*
 - complementary load angle. Note: α* + θ = π 
ς0 - angle where the maximum pressure in the bearing occurs 
ς2 - angle where cavitation starts (Reynolds BC applies here) 
 
Ratio of the maximum pressure to the mean pressure (calculated from peak 
unit load divided by projected area): 
 
F
DLP
P
P ⋅
= 0
0
                         (1.5) 
 
)cos1( ζε+≈ Ch
Fig. 7 Pressure distribution [1] 
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1.3.2  Practical consideration 
 
There are some practical aspects which are very helpful for practical use in few 
important ways: 
 
1. There is no infinite width of journal bearing and for that situation a complicated 
type of side leakage in the finite bearing develops. 
 
2. From basic knowledge the friction cause the heat, lubrication is no exception 
either. Heat generated by the work done shearing of the oil film lower the 
viscosity of the lubricant, which influences the load capacity of the bearing. 
 
3. Another important factor influences the performance of bearing is geometrical 
inaccuracies such as roughness, lobbing, waviness, deflection under load or 
alignment of journal and bearing. These aspects have effect on safe load and heat 
generation. And as it was said before heat → temperature has big influence on 
the viscosity of lubricant. 
 
When we have finite bearing length, there is a logical explanation that the 
pressure distribution will not be same because of side leakage in comparison with 
infinite long bearing. As it can be concluded for a given load, the bearing will 
operate at a lower film thickness – this will decrease the load capacity. Unwanted 
created heat is removed by the oil flow. When thin oil film is designed, influence of 
the temperature has to be considered like a very important aspect. Fall density of 
lubrication can results in thermal collapse. Under these circumstances the load is 
transferred to the asperities of surface leading to a higher friction which cause also a 
higher temperature. As the end this can due to severe damage. Temperature has also 
influence on the dimensions of the bearing. This can has also fatal consequences - the 
bearing seizure could be too high and leads to constraint between bearing and 
journal. Graphs Fig. 8 and Fig. 9 below could be useful. 
 
Fig. 8 Sommerfeld number as a function of the eccentricity ratio [1] 
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           Fig. 9 Dimensionless friction coefficient for journal bearings [1] 
 
The load capacity for the finite width bearings is based on form of 
Sommerfeld number. The formula (1.6) is written below: 
 
   



                 (1.6) 
 
1.3.3  Energy loss in the bearings 
 
The energy loss in the journal bearing can be calculated as the result of 
frictional force FF and sliding velocity U: 
  
         (1.7) 
 
The friction coefficient can be tricky, so it should be chosen carefully. It 
depends if there is certainty of no contact between surfaces that only fluid friction 
exists. If there will be material contact the equations should be modified by certain 
coefficients to take account surface contact. 
The sliding velocity in a journal bearing with stationary load is given by   
                                            !             (1.8) 
Substituting this and the expression for the Sommerfeld number into the equation for 
force and speed gives: 
  "#  !
$ 

     (1.9) 
 
After some modification, the expression leads to this shape: 
 
  %"#&  !
$       (1.10) 
W-dissipated energy  
This energy will heat up the lubricant and thus lower the operating viscosity.
1.3.3 
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1.3.4  Friction in real journal bearings 
   
Coefficient of friction of journal bearing of any kind with fixed R/C ratio can 
be plotted as a function of the hydrodynamic parameter ' . If we have idealized case 
(smooth surface without asperities), this friction is caused only by viscous shear of 
the lubricant. But in real conditions, surface has roughness and some contacts of 
asperities on opposing surfaces occur. In the limit, when the eccentricity goes to 
unity, the friction coefficient should be modified to include the boundary layer 
friction. See in the Fig. 10 below. 
 
Dimensionless friction coefficient is defined by function of eccentricity. This 
function is plotted in Fig. 11. 
 
 
Fig. 10 Bearing friction due to boundary lubrication [1] 
Fig. 11 Dimensionless friction plot for half Sommerfeld bearing [1] 
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The minimum film thickness at transition point could be determined by 
formula (1.11): 
 
  1 ( )*/,      (1.11) 
 
Where )* is film thickness at the transition point. In practise, this point is 
crucial and the best working conditions are at this point. Hydrodynamic friction 
occurs in that area. According to the Fig. 10, it can be seen that temperature goes up 
rapidly as speed increases in boundary lubricated region. Boundary lubrication is 
dangerous because scuffing can appear. If the speed is increased, the temperature 
dropping up to transition point. This effect is caused by the hydrodynamic action, 
which is sufficient to carry the load. At this point mostly hydrodynamic friction 
occurs. Viscosity has influence on this transition. As it was said before viscosity of 
the lubricant strongly depends on temperature, so it is understood that at the 
beginning of the process lubricant is cold, so the viscosity is generally high. Hence a 
lower transition speed is required to get hydrodynamic action. When the bearing 
stops after extensive loading, the temperature is higher, viscosity lower and therefore 
risk of scuffing is bigger. The transition appears at a higher speed and hence more 
heat is generated at this point. Crucial for scuffing is the duration of heat generation. 
If operating process is kept in short time, the danger relate to this occurrence is low. 
If this phenomena is not taken seriously it could cause severe damage. There should 
be reconsidered should reconsider some precautions like make sure that cool 
lubricant is still supplied during shut - down of a system.   
 
Influence of energy loss on temperature 
 
Generally lubricant temperature is increased by energy loss. The heat, which 
is generated during process by the shearing of lubricant is conducted and convected 
away by the bearing components and by the lubricant flow. 
Lubricant convection is simple heat transport by the lubricant itself. The 
conduction mechanism of heat depends on thermal convection in some point in the 
loop. Both of these mechanisms are present in journal bearing. 
 
1.3.5  Design criteria for journal bearings 
 
Having knowledge what kind of theoretical aspects influence hydrodynamic 
lubrication it could be proceed to the most difficult part of all – what criteria do we 
judge a bearing design to be good enough? 
 
Design criteria that need to be defined: 
 
• Minimum safe film thickness for operation 
• Safety factor 
• Tolerable temperature 
 
Fig. 12 shows where is the safety operating area. 
1.3.5 
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Companies which are dealing with journal bearing design have experience with 
designing them and therefore internal guidelines need to be followed. This is vital for 
company because it is based on the previous experiences.  
 
• Bearing size 
 
Size of bearing is designed in way to avoid any damage during a contact metal to 
metal under bearing load. It seems reasonable to think that design clearance between 
bearing and journal should be as big as possible, however that is not true because it 
will take a lot of power, because hydrodynamic bearing is nothing else than medium 
pump and in this particularly case a leaky one. So if we want to decide how big 
separation is appropriate, it should be reconsidered in two ways simultaneously:   
bearing size should be as small as it is necessary and dimension of clearance 
reasonable safe. When length of the bearing is designed, few precautions should be 
taken in mind. Long bearing is susceptible to damaged by edge contact due to shaft 
deflections and misalignment. It’s good to use ratio L/D not larger than 1. 
 
• Minimum recommended film thickness 
 
As it is mentioned above it is obvious that some criteria for separation of two 
surfaces have to be settled. The suggestion of separation should be followed by some 
important variables; they have to be chosen with precautions. 
 
o Size of bearing, larger bearings require larger separation because of 
manufacturing tolerances 
o Applied loads during running and during starting periods 
o Bearing deflections and frame distortions  
o Consequences of bearing failure or loss of life. 
Fig. 12 Safe operating regime for a journal bearing [1] 
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With these ,,rules” minimum recommended film thickness can be chosen hmin 
from the Fig. 13 seen below. Generally in most cases it depends on surfaces 
roughness, machine size etc. But it is better to use a graph from the company, based 
on previous experimental results and experience. 
 
To avoid any metal to metal contact within the smallest film gap the minimum 
separation need to be about 2* the Rmax on the shaft.  
In German standards DIN can be found a table that takes to account also operation 
speed for choosing minimum film thickness.  
 
 
• Eccentricity ratios 
 
To avoid possible dynamic instabilities, the eccentricity ratios should not be 
more than 0,7. 
Fig. 13 Minimum recommended film thickness for journal bearings [1] 
Fig. 14 Minimum film thickness according DIN standard [1] 
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• Design clearances 
 
Another important factor in journal bearings design is the right choice of bearing 
clearance. Small bearing clearance leads to high temperature. On the other hand large 
bearing clearance conduces to loss of performance. So it is very important to choose 
a “correct one". 
 
Clearance ratios: 
 
• for small bearings: 500 / 0/, / 1000 
• higher clearances for high speed application 
• there is a possibility to read value from Fig. 15 below (large bearings) 
 
• Seizure concerns 
 
This matter is dealing with materials. It has to be taken to account different 
thermal expansion coefficients of journal and bearing material. So it needs to be 
guarantee that if the increasing temperature will cause seizure (which could leads 
to jam) there is some clearance where material can enlarge. If it is possible, 
thermal coefficient of the bearing should be always equal or bigger than thermal 
coefficient of the journal material. To get an idea for possible seizure conditions, 
see dependency in Fig. 16. In this graph is already taken into account the 
tolerance range of the nominal bearing and shaft size. 
Fig. 15 Minimum recommended diametral clearances for journal bearings [1] 
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Maximum permissible lubricant temperature Qmax is calculated at the cavitation 
point in bearing. This standard is generally for oil oxidation life. When the operating 
process exceeds 80°C it is dangerous and life gets shorter for the lubricant. Two 
different cases are considered: 
• Bearings with oil circulation: Qmax is 100 to 125°C 
• Self contained bearings (air cooling): Qmax is 90°C 
 
• Bearing stress and materials   
 
At the start-up suitable boundary conditions have to be provided. At the 
beginning of the operation a maximum bearing pressure should be about 

 1 2,5 45 3789. In process itself the pressure is significantly higher. In the 
case of higher pressures than those mentioned, a hydrostatic aid should be provided.  
Material plays very important role in journal bearing design. It cannot happened, that 
two materials of journal as well as bearing are same. Good combinations are bronze 
or white metal sliders and a steel rider.  
To avoid possible fatigue and plastic flow peak oil film pressure should not exceed 
80% of hardness of bearing material. 
 
• Safety factors 
 
Recommended load safety factor is 2. 
Recommended oil supply safety factor should be about 1,5 to 2. 
 
Fig. 16 Clearance variation [1] 
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• Lubricants 
 
The operating viscosity for the bearing is calculated at the mean bearing 
temperature: 
                                 Θ""  	Θ; < Θ)/2            (1.12) 
Θ; - lubricant temperature in pockets 
Θ - lubricant temperature at the exit of the bearing clearance gap 
  
•  Filtration 
 
Filtration is quite important and it should be for particles greater than 50% of 
the minimum operating film thickness. Filtration of impurities in lubricant smaller 
than 10mm might need special filters. The flow capacity of the filter must be sized 
for full-flow filtration and also should be considered the effects of full loading. 
 
• Geometry considerations 
 
Bearing wall thickness should be about 30-40% of the largest surface 
dimension to avoid load based deflections that could have some effect on 
performance. 
Deformations (deflections) of shaft and housing which are results of loading 
during operations should not be bigger than half of the minimum film thickness. 
There can be some cases where certain constructional modifications have to be made, 
because of reducing effects of these distortions. 
 
• Machine considerations 
 
Generally two types of geometric tolerances have effect on performance: 
deviations from cylindricity in the axial and circumferential directions. 
 
o Axial deviations 
 
It is interesting that the axial deviation does not influence film thickness very 
much. This note is based on research of Sasaki scientist [8]. Fact is, that even 
deviations twice big as the theoretical film thickness still gives us fine lubricant film.  
 
o Circumferential deviation 
 
Shapes of the circumferential deviations are usually consists of lobbing. This 
malfunction is caused by grinding chatter due to incorrect grinding procedures such 
as for example: 
- poor cooling 
- high a wheel hardness 
- work support too high 
- too large a support angle  
- loose spindle bearings 
- etc. 
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Examples of the shapes how they look like are on the Fig. 17 below. The lobbing 
has effect on bearing wear and film thickness. This is very complex problem and 
many engineers have been doing research on this topic.  One research from Alderson 
[9] declares that the loss of film thickness is not so severe and it has same small 
influence as axial shape errors. 
 
Fig. 17 Circumferential deviations [1] 
 
a-c lobbed 
d-irregular 
 
• Journal surface roughness 
 
The maximum recommended surface roughness for the journal is in the range  
0=  0,3 ( 0,8 ?@. 
 
In the Fig. 18 above it is important to mention that the wear rapidly increases 
when the film thickness gets in the range of the shaft roughness. Roughness is quite 
tricky, because for correct function of the bearing certain roughness is needed. Major 
reason is that the lubricant stays in valleys of asperities during start-up. 
Consequences are beneficial because it can carry more loads during beginning of the 
process. 
Fig. 18 Effect of shaft surface roughness on bearing wear [1] 
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• Bearing roughness 
 
Bearing designer should have in mind rule that the bearing material is softer. 
Therefore initial roughness is not so important because it will be wear away by shaft 
roughness. But too much wear from high roughness before the film supports the load 
fully is not good either. For this purpose an initial bearing roughness of 1,5-2,5 ?@ 
has been found and its strongly recommended. 
 
• Conclusion  
 
As it clear from the several points above there are some aspects that have 
influence on minimum allowable film thickness. The understandable question can 
appear: how can be all these factors put together? Unfortunately there is no such an 
aid or literature that can invent a formula to connect all of them together. However 
German standards DIN can be useful here. DIN standard is dealing with the 
minimum operating film thickness and it should be always greater than the film 
thickness from following equation : 
 
)ABC D EFGBFH I JFGBFH < 0KL < 0KM < E NFOBFH I = < P         (1.13) 
 
Where: 
 
           Iaxial – influence coefficient for axial deviation 
 Zaxial – axial deviation  
 Rzb – average peak to valley height on the bearing surface 
 Rzs – average peak to valley height on the shaft surface 
 Iradial  - influence coefficient for radial deviations 
 Wt – waviness amplitude 
 b – axial misalignment (static and dynamic) 
 
We may eliminate some quantity form the formula, because as it was written 
before, certain roughness is needed, therefore following equation (1.14) should be 
sufficient guideline. 
 
)ABC D EFGBFH I JFGBFH < 2 I 0KM < E NFOBFH I = < P       (1.14) 
 
For bigger reliability of the formula above it should be always fulfilled following 
conditions [1]: 
 
• the axial shape deviations be limited to 50% of the minimum predicted film 
thickness 
• the effective radial deviations be kept below 50% of the minimum predicted 
film thickness 
• dynamic shaft and housing deflections be kept below 50% of the  predicted 
film thickness  
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1.4  Bearing materials 
 
One of the most important aspect in design of bearing is selection right bearing 
material. We have a plenty of options for choosing right alloys of bearing material 
with steel counterpart. It’s not easy task to select suitable bearing alloy.  We cannot 
choose ,,the  best”  bearing material. Generally material must be chosen generally in 
a first place according material properties for a given application and also for the 
structural requirements. 
To avoid a wear and other causes of possible failure of bearing, right choice of 
material can spares a lot of money and trouble; therefore the following few points 
can give hints how to do it. 
 
1.4.1  Economics  
 
Money is always a big deal moreover during economic recession finance it is 
huge factor that need to be considered with selecting of wear materials. Therefore 
price is crucial aspect in selection of bearing material. However material cost can be 
obviated by selecting thin layer of a very good material – high cost one, which can 
supply necessary bearings characteristics and the rest of the bearing can be made of a 
low cost material, which can provides essential structural strength. 
 
1.4.2  Technical considerations 
 
Economical balance is important but the bearing must fulfil requirements that are 
vital for right function. Success is conditioned by compatibility and conformability to 
avoid seizure. Other properties should also be accomplished such as: load capacity, 
structural strength, be able to carry cyclical loading, fatigue resistance and if it is 
necessary corrosion resistance. A little explanation of these attributes is in next 
paragraphs. 
 
• Compatibility 
 
A degree of antiweld and antiscoring properties of a bearing material should be 
provided in operating process with a given counterpart material. In process metal to 
metal contact can appears materials are sliding on each other’s asperities. The 
friction created by this contact could generate localized welding, causing a seizing 
damage which can lead to scoring. Solution for such a matter could be selecting good 
bearing material which is not easily weld to the shaft material. 
 
• Conformability 
 
This is an ability to compensate misalignments and adjust to other geometric 
flaws. Good result is given by a soft material with a low modulus of elasticity, 
resulting in elastic conformity (note that stress is equal to strain multiplied by 
Young’s modulus). 
1.4 
1.4.1 
1.4.2 
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• Embedability 
 
Capability absorbs dirt and other particles to obviate scoring and wear. This 
ability works with previous one. 
 
• Load capacity 
 
This is an ability based mainly on experience related equally to design and 
lubrication as well to the strength and other properties of the material. Load capacity 
is maximum hydrodynamic pressure which a material should be able to bear. 
 
• Fatigue resistance 
 
As it is known from previous courses fatigue is generated by cracks that are a few 
millimetres below surface where the maximum shear stress is produced. It is 
common that it is not necessary go far away and it can be seen for example in car and 
airplane industry mainly in engines, where reciprocating motion is presented. This 
movement changes the load directions which is quite dangerous. Cracks are 
spreading at a right angle to the surface, down to the bond with the backing material. 
After that they advance toward to backing material and join to other similar fatigue 
cracks. When material is damaged enough particles are broken off and drift away by 
a lubricant. Option how can be prevented fatigue damage is to use low modulus thin 
material layer attached on the surface.  
 
• Corrosion resistance 
 
This property is required when oil as a lubricant is used. Oxidation products from 
lubricant can attack and corrode some elements such as Cd, Pb, Zn and some copper 
bearings alloys. Corrosion can be lowered by adding some ingredients for example 
adding indium or tin to lead babbitt. Aluminium and tin alloys have proven good 
resistance against oxidized oils. In the picture Fig. 19 can be clearly seen process of 
degradation caused by corrosion. 
Fig. 19 Influence of corrosion of journal bearing [13] 
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1.5  Simple flowchart for bearing design 
 
The main source of knowledge contained in paragraphs 1.1 to 1.5 are from 
references [1], [2] and [3]. 
 
 
1.6  Journal bearing scientific reports 
 
The journal bearing design is major concern of many companies.  For better 
design many helpful texts and brochure can be found over the internet and libraries.  
I have chosen few examples. 
 
a) A fast approach to model hydrodynamic behaviour of journal bearing 
for analysis of crankshaft and engine dynamics. [5] 
 
This text is dealing with dynamically loaded plain journal bearings for the 
simulation of crankshaft and engine dynamics. The model is used in a multi-body 
dynamics software package - AVL EXCITE. This programme computes with the 
effect of journal misalignment and elasticity of bearing structure.  
They have designed model of hydrodynamic journal bearing for simulation of the 
crankshaft. Reynolds equation has been used in calculation and some other 
assumptions. Designed bearing can be now used for big end and small end conrod 
Fig. 20 Flow chart of journal bearing design 
1.5 
1.6 
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bearing shells as well as main bearings. With help of mentioned programme, the 
computation time is decreased and also main factor price is lowered as well.   
 
b) Optimize action of oil flow rate and oil film temperature rise in high 
speed hydrodynamic journal bearings [6] 
 
This paper concerns with design of high speed journal bearings using three kinds 
of methods: Successive quadratic programming, Genetic algorithm and direct search. 
They have succeeded in optimum design procedure for bearings working in laminar 
or turbulent flow regimes. Applying these methods, there were able to determined 
optimum parameters like eccentricity ratio, maximum film pressure, temperature rise 
or velocity. 
  
c) Optimal design of journal bearings [4] 
 
This work is dealing with one previous mentioned method – geometric 
programming. This method has been used for optimizing large scale of journal 
bearings problems. The main contribution of text is computation journal bearing 
design problems having multiple degrees of difficulty. Before that only one degree of 
difficulty can be solved with geometric programming.  
 
  
PROBLEM DEFINITION AND ITS ANALYSIS 
 
page 
33 
2.  PROBLEM DEFINITION AND ITS ANALYSIS 
 
Journal bearings are crucial part in engine industry. They can be found in every 
car engine or compressor. Bearing is exposed to many conditions (load, temperature, 
environment or speed) that have to be fulfilled ideally to achieve desired level of 
requirements. 
    
As it can be read from the text above, it is not easy to design a satisfactory 
journal bearing. My task is to use a special programme called JDynamic that is 
suitable for designing of journal bearings. This programme has been purchased by 
Emerson™ Climate technologies. Nowadays time and money are quite important 
issues, so this programme should help to design and predict problems that might 
occur when journal bearing is applied. The programme is able to calculate bearing 
characteristics in quite efficient way. This master thesis should contain information 
about theoretical results as well measured data on a real compressor. 
 
The measurements will be conducted also with company´s compressor D4DT. 
The aim of the calculation is five journal bearings. Three of them (J1, J2, J3) are 
attached to the crank shaft (the most important). The other two are P1 – pin bearing 
and W1 – wrist pin bearing. The scheme is shown in the picture Fig. 21 below.  
    
Fig. 21 Location shaft journal bearings 
2 
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First of all it is necessary to understand how the programme works – based on 
input and output variables: 
 
• Input:  
o speed 
o load (cylinder pressure) 
o bearing dimensions 
o oil type 
o oil supply type 
o oil pressure 
 
• Output:  
o oil flow 
o bearing load 
o oil film pressure  
o minimum film thickness  
o power losses 
o oil temperature 
 
The parametric study is dealing with the mentioned quantities. The results of the 
analysis should be plotted into tabular charts. Later on test of real compressor should 
be carried out and compared with theoretical results. The test of the real compressor 
has to be conducted with variation of shaft speed and oil pressure as it is assigned by 
the company. The comparison of theoretical and measured results of the compressor 
should be the next step. If it is necessary some iteration should be made to match the 
theoretical model and the measurement more closely. The final task will be to write  
a proposal of bearings improvements for the compressor concerning: 
 
• Dimensions  
• Oil flow  
• Oil pressure 
• Bearing material 
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3. OBJETIVES 
 
The target of this master thesis is modelling of compressor Journal Bearing 
Lubrication by JDynamic Software. 
 
 The paper should contain: 
 
• Overview of theory of hydrodynamic journal bearing design  
 
o Journal bearing theory 
o Scientific reports on this topic 
 
• JDynamic software  
 
o Learning programme 
o Input compressor data 
o Parametric study of the program (see changes in input and output 
parameters) 
o For better overview of the results tabular charts should be made in 
parametric study  
 
• Test of the real compressor 
 
o The test will be conducted with compressor D4DT at subsidiary 
office of Emerson™ climate technologies in Mikulov. 
o Vary terms are speed and oil pressure 
o Measure output parameters 
 
• Comparison of calculated and measured results 
 
o Graphically compare calculated and measured results. 
o If it is necessary make iterations to match the theoretical model and 
measurements more closely 
o Discussion of acquired results 
 
• Proposal of bearings improvements for current compressor 
3 
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4. APPROACH AND METHODOLOGY 
 
After learning journal bearing theory and reading the manual for JDynamic 
software, modelling of current compressor lubrication should follow.  Some of the 
parts have been modelled in ProE for determination mass value. All required values 
will be entered to the JDynamic input file and Jdynamic orbit calculation file. Some 
of them cannot be determined right away. For example assumption has been made 
about ambient temperature inside the crankcase. The lubricant supply temperature is 
set to 80°C, therefore ambient temperature is also set to 80°C, because condition is 
expected to be stabilized on the same temperature. The ambient temperature will be 
measured during the experiment. Theoretical results will be plotted in tabular charts 
for better overview to know how the journal bearing parameters influence output 
values. The best option for parametric study will probably be to use Microsoft excel 
software. 
 
Then it can be proceeded to settings of the real compressor. According to the 
assignment two input data will vary: speed and oil pressure. As I had been informed 
the subsidiary office possesses a frequency converter. Changing the rotations should 
not be a problem with this device. The second variable is oil pressure. This is the 
default value. My task will be to design a procedure in which the oil pressure can be 
changed in required range. Output measured parameters will be pressures and 
temperatures. From the comparison of theoretical and experimental results I should 
be able to determine the connections between the programme and the practical 
results. Based on the parametric study, improvements for journal bearings should be 
suggested in which direction the research and practise might go to get better results. 
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5. ANALYSIS AND INTERPRETATION OF ACQUIRED DATA 
 
5.1  Modelling of current compressor lubrication 
 
5.1.1  JDynamic software 
 
Computer progress makes calculation much easier. For example in finite element 
method hundreds even more equations can be solved very quickly. Nowadays time is 
money. Journal bearings are not exception either. JDynamic software allows us to 
calculate many quantities concerning bearing design. Programme can provide 
essential numerical results as well as graphical. This way it could be save a lot of 
money and time. Software helps to avoid bearing possible failures, calculate effects 
of installation tolerances, corresponding orbit or determination of location of the oil 
holes. If these kind of calculations should be made by hand it will take a lot of time. 
JDynamic uses an Euler type integration to get journal orbit. Graphical output allows 
examining critical design facets. All data can be easily saved and reused or changed a 
little bit if it is necessary and compute again. 
 
JDynamic software needs for evaluation of bearing design two files. One is 
JDynamic input file calculations and the second one is Journal bearing orbit 
calculation input file.  The first mentioned serves for calculations of loading data. 
The second one is for journal bearing characteristics results. Values which should be 
entered to these files are listed in Table 1and Table 2 below. 
 
Table 1 JDynamic input file 
Name of variable Units 
Project title - 
Mean crank speed rpm 
Device type (2/4cycle] - 
Piston radius mm 
Crankshaft throw mm 
Connecting rod length (C1-C1) mm 
Main bearing offset mm 
Piston and pin mass kg 
Connecting rod mass kg 
Sliding mass of con rod kg 
Number of major points/cycle kg 
Pressure data (.PRS=added) - 
Crank  layout data (.CLD) - 
Number of cylinders - 
Compression order - 
Peak cylinder pressure MPa 
Plotting scale  kN 
Piston/cylinder friction coeff - 
Width of cyl 1 rod bearing  mm 
Angle from Bank 1 to 2 (RHR) deg 
Angle from Bank 1 to 3 (RHR) deg 
Angle from Bank 1 to 4 (RHR) deg 
5 
5.1 
5.1.1 
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Table 2 JDynamic orbit calculation file 
Item Name Unit 
1 Project title  
2 Bearing inside diameter mm 
3 Effective bearing width mm 
4 Installed radial clearance mm 
5 Journal therm. Exp. Coeff. mu-m/mC 
6 Bearing therm. Exp. Coeff. mu-m/mC 
7 Lubricant name  
8 Lubricant supply temperature C 
9 Steps between major points - 
10 Number of cycle iterations - 
11 Heat transfer Coefficient W/C 
12 Journal thermal conductivity W/mC 
13 Bearing thermal conductivity W/mC 
14 Ambient temp. C 
15 Heat remvl by lube (on/off)  
16 Heat remvl by ambient (on/off)  
17 Loading data (.JDT=added)  
18 Piezo Viscosity effect (1/0) - 
19 Number if trace markers (<26) - 
20 Lubricant supply type  
21 Diameter of lube supply hole mm 
22 TDC supply angle deg 
23 Lubricant supply pressure kPa 
24 Name of the project folder  
25 Toggle the unit system  
 
Calculations of one term are conducted by following procedure. First you are 
asked for selecting project folder and entering project name. After that you suppose 
to enter variables from Table 1. Running the programme leads to acquiring load 
pressure data, this is essential file which had to be entered to the second computation 
type input file of programme – JDynamic orbit calculation. When the second 
calculation is finished, proper results interpretation is next step. There are a few 
representative options. Print the result on the screen or print them on the installed 
printer. Another option is to go back with calculation and change input parameters.  
 
Clarification of the variables 
 
Some of required input data could be unclear therefore in Table 3 [1] are 
defined all necessary parameters.  
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Table 3 Explanation of variables 
Item Explanation 
1 Name by which to identify the particular analysis. Maximum of 30 
Characters. 
2 Bearing inside diameter. This may also be given as the journal diameter. 
Bearing clearance does not matter in this dimension. 
3 Effective bearing width. Allowance should be made for chamfers. This is 
especially important for narrow bearings. 
4 Installed radial clearance. The radial clearance at room temperature. 
5 Thermal expansion coefficient for journal material. 
6 Thermal expansion coefficient for connecting rod material. 
7 The type of lubricant used. 
8 The inlet temperature of the oil into bearing. In most cases this will be the 
oil galley temperature. 
9 For every calculation point, the equivalent time period will be divided into 
small steps. This provides for a refinement of the calculations down to a 
very fine detail without having to store all the intermediate data. A value of 
1 suffices for most cases. If very thin films need to be analyzed, it may be 
that values as high as 10 are needed. 
10 The number of complete load cycles the calculations are performed over. A 
value of 2 to 3 should be sufficient. 
11 Heat transfer coefficient  (H_therm ) for Bering. It is used in conjunction 
with heat removal by ambient. To use the value, heat removal by ambient 
should be set to “on”. This value allows the control of either adiabatic 
(H_therm=0), or isothermal(H_therm>10000), or some analysis in between. 
If zero is used here, a value will be estimated by the program. 
14 Crankcase Ambient temperature. This should be the temperature inside the 
crankcase. 
15-16 Heat removal control in the bearing. Set 16 to off o get adiabatic analysis. 
17 loading data file(.JDT =added)0Name of the loading data file. 
18 Piezo viscosity effect (1/0) allows for the effect of pressure on the lubricant 
viscosity. 1=on, 0=off. This effect becomes quite important with highly 
loaded bearings. 
19 Number of trace markers. The number of letter markers that are evenly 
distributed over the plot traces.(max26) 
20 Lubricant supply method. This may be one of three methods that are 
generally used. More lubricant details are shown later on. 
21-23 Parameters for the lubricant supply type. 
24 Name of the project folder which you are currently working with. 
 
 
Explanations of other choices of selection 
 
If the item 15 is set to “ON” choice it means that the system uses a splash, oil 
mist or something else for cooling. But if the item 15 is set to “OFF” and the item 16 
is “ON” system is cooled only by ambient.  
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 Lubricant selection is represented by number 7. There is a list of lubricants 
attached in Appendix 5 that gives possibility to choose a right one. The chosen 
medium has already set values for viscosity and other characteristics. Other related 
item is selection of lubricant supply type. In options 21-23 it is possible to choose 
lubricant supply type. Fig. 22 shows a possibility of picking a right one. After proper 
lubricant supply is chosen, it is necessary to input additional data like diameter of 
single bearing hole or width of circumferential groove etc. 
 
5.1.2  Calculation of bearing performance 
 
When interpretation of calculated data is chosen, quantities listed in Table 4  are 
shown. For better image of result, example of result has an appearance in Fig. 25. In 
Fig. 25 can be seen results of speed variations that are listed in Table 5. There is also 
a possibility to pick long output - additional data will be printed.  Following extra 
data will be given: 
 
 Loads (total load, x and y unit) 
 Film thickness 
 Max pressure 
 Location of later two mentioned (bearing and journal coordinates) 
Fig. 22 Oil supply type selection 
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Table 4 Calculated data 
Calculated data: Units 
Mean film temperature C 
Bearing back temperature C 
Given heat transfer coeff. W/C 
Operating radial clearance µm 
Operating clearance ratio - 
Operating viscosity MPa.s 
Mean journal rot. Speed rad/sec 
Mean bearing rot. Speed rad/sec 
Mean operating load kN 
Minimum film thickness µm 
Peak oil film pressure MPa 
Peak Unit load MPa 
Mean unit load MPa 
Mean selected cycle load MPa 
Max PV loading MPa.m/s 
Bearing power losses W 
Bearing lubricant flow cm3/s 
Martin lubricant flow cm3/s 
Pressure Lubricant flow cm3/s 
Film history lube flow cm3/s 
Max bearing jerk µm/s3 
Min bearing jerk µm/s3 
 
Graphic display of results can be selected after calculation and they can be 
printed directly as well. Software gives you several graphs. Their titles are described 
below: 
 
 Polar plot of bearing forces and resulting orbit in bearing coordinates 
 Polar plot of resulting bearing pressures and orbit in bearing coordinates 
 Polar plot of bearing forces and resulting orbit in journal coordinates 
 Polar plot of resulting bearing pressures and orbit in journal coordinates 
 Film thickness and film pressure plot in bearing coordinates 
 Film thickness and film pressure plot in journal coordinates 
 Bearing Jerk in the time domain 
 Lubricant flow demand in bearing the time domain 
 
Explanation and examples will be given in chapter 5.2.8 where an example is 
created. These graphs provide valuable findings of possible bearing behaviour. They 
are used for searching for possibility of breaking the lubricant film, cavitations 
problems or over dimensioned design of journal bearing.  
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5.2  Parametric study of JDYNAMIC software 
 
This part of master is dealing with parametric study of JDynamic software. Every 
calculation is consisting of two input files as it was explained in chapter 5.1. Input 
and output result files of the first calculation - speed variation - are in chapter 5.2.1 
as an example. Rest of input data of other parameters are attached in appendixes. All 
calculated data in following chapters are only for journal bearing J1 of the 
compressor. Rest of the results are in attachment on CD. 
 
5.2.1 Speed  
 
Speed variation of mean crank shaft is according a row below: 
 
Table 5 Speed variation 
Rpm 600 900 1200 1500 1800 2100 2400 2700 
Fig. 23 Input file of speed variation 
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Outcome of calculation in Fig. 23 is JDT file which contains loading data file. 
This file has to be selected in following computation of JDynamic orbit calculation 
as it is shown in Fig. 24: 
 
         Fig. 24 Orbit calculation of speed variation 
 
All entered values are not made up. Input values have traceability in technical 
drawing of crank shaft that is in possession of submitter. Other values were assigned 
by the engineers in company and some of them were chosen after some rationales.   
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The programme computed assignment and gives us results shaped in Fig. 25 
below: 
 
 
Fig. 25 Results of speed variation 
 
When calculation of 600 rpm has been finished, following computations of mean 
crank shaft speed listed in Table 6 have been carried out.  Important results have 
been entered to the excel file for evaluation.  
 
 
Table 6 Speed variation results 
Speed Bearing 
Lubricant 
flow  
Peak oil 
film 
pressure 
Minimum 
film 
thickness 
Power 
losses 
Mean bearing 
operating load 
Temperature 
Rpm [cm
3
/s] [MPa] [µm] [W] [kN] [°C] 
600 32,28 17,9 2,09 6,3 1,75 80 
900 32,43 15,2 2,8 11,7 1,75 80 
1200 32,6 13,6 3,28 18,4 1,75 80 
1500 32,77 13 3,66 26,6 1,75 80 
1800 33,05 12,5 3,97 35,9 1,75 80 
2100 33,41 12,2 4,22 46,2 1,75 80 
2400 33,8 12 4,4 57,9 1,75 80 
2700 34,22 12 4,52 71,3 1,75 80 
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For better overview of results charts were created: 
 
Bearing lubricant flow 
 
  
The red line represents default settings. It can be seen from the chart in Fig. 
26 how speed influences the bearing lubricant flow. For verification of traceability of 
the results theoretical consideration was made. In this particular case curve of 
bearing lubricant flow goes up by increasing speed. According equation (5.1) the 
total lubricant flow with pressurized supply is calculated as follows: 
 
QM  QK < Q    (5.1) 
 
Qz – the outflow of lubricant squeezed it in the gap 
 
QK  R!,$SK     (5.2) 
 
Theoretically the bearing lubricant flow which goes in Qin  is same as outflow 
Qz. Oil  that goes around is neglected. Variable qz can be determined according Fig. 
27. Other part of the equation is Qe, which is modified Hagen-Poiseuille equation 
(1.16). This part  of formula ensures extra flow that is needed for maintenance of the 
positive pressure in the inlet. 
Q  	
T'U
UVV
S    (5.3) 
 
 Only one quantity is varying → speed. According the equation (5.2) it 
supposed to be linear. The result is almost straight line. So it is assumed that it is 
correct. (if linear approximation is added to the diagram the line will have regression 
equation y = 0,0009x + 31,555 ). Generally speaking shaft is rotating faster; therefore 
it has to be ensured good supplement of lubrication to get a stable oil film thickness. 
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Fig. 26 Chart of dependency bearing lubricant flow on speed 
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Peak oil film pressure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It can be seen from the Fig. 28 above that with increasing speed the pressure goes 
down and becomes steadier. Therefore higher speed could help to increase lifetime of 
the bearing by reduction of the pressure. However this conclusion will be a subject of 
further investigation.  
 
 
 
 
 
Fig. 27 Lubricant outflow coefficients for different bearing aspect ratios 
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Fig. 28 Chart of dependency peak oil film pressure on speed 
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Minimum film thickness 
 
With increasing speed minimum film thickness is also rising. 
 
Power losses 
 
 
 
           In compliance with equation of Sommerfeld number, the energy loss can be 
determined by following equation: 
  "# !
$     (5.4) 
 
As it can be seen from the equation (5.4) the power losses change should be 
quadratic. Curve in the Fig. 30 above corresponds with formula. 
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Bearing load and temperature (mean film temperature, bearing back temperature) 
 
There is no change in calculation results of temperature and load. Prediction 
was they remain constant. The pressure input data are same so there is no reason for 
load varying. About temperature, estimation was that regular heat transfers from 
cylinders to the rest of the compressor body. This assumption means that ambient 
temperature is same as lubricant because after awhile of working process the 
temperature is becoming steady on one level. It was confirmed by the programme 
too. If this supposition is not valid (we will measure the temperature during our 
experiment and see if it is right or wrong) the ambient temperature should be 
corrected in future research. I made already calculation with two different ambient 
temperatures: 32°C which give us useless data (bearing back temperature is below 
zero which is nonsense). There was made computing with ambient temperature 
100°C, which give us reasonable results meaning the mean film temperature and 
bearing back temperature, are rising proportionally. Following results in next 
chapters haven not included temperature and load (except chapter 5.2.2) to the final 
tables because they are not changing at all. 
 
5.2.2 Load 
 
The load is given by five conditions. These conditions are five P-V diagrams 
with one same cooling medium. 
 
Table 7 Load conditions 
cooling medium R404A 
Evaporating temperature [°C] Condensing temperature [°C] Suction Pressure [Bar] 
-40 55 1,33 
5 50 7,06 
-10 45 4,34 
-35 40 1,66 
7 30 7,50 
 
P-V diagrams were made by company software called Selected 7.1, which 
can be found on the internet and it is free to download. Example of P-V diagram can 
be seen in Fig. 31.  Rest of them are attached in Appendix 1. 
 
When calculation of load terms was conducted a problem occurs.  
Appropriate pressure input data have been entered (pressure ratio) to the JPREP file, 
but calculation fails (see in Fig. 32). The programme is not able to carry out 
calculation with so many values. The diagram is consists of about two thousand 
values; therefore solution should be in smaller amount of graph numbers.   
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Fig. 31 P-V diagram suction pressure 1,66 Bar 
  
 
Fig. 32 Calculation error 
 
With this error was quite difficult determined suitable values for pressure data 
.PRS. First try was to select few points graphically from the printed paper of 
diagram. After that the pressure ratios of these values were entered to the pressure 
data file. Calculation worked. However it was found out, that this is not good 
procedure, because it is not possible to choose correct representative numbers of 
points every time. Each P-V diagram is consists of different number of values. 
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And there is another very important fact, the plotted values of net indicated power 
and indicated mean effective press should be in the diagram as close as possible. The 
first try of calculation with two set of values for P-V diagram end up badly. Values 
of net indicated power and indicated mean effective press were too different. 
Other option had to be found for better determination of these very important 
numbers to make calculation work. Microsoft excel programme was chosen. The 
selection of suitable number of points for graphs (Fig. 33-37) were made: 
36,72,180,360,720. These values were not selected randomly. It was chosen like a 
multiple (dividend) of number 360. (360 represent points of one circle in separation 
of one degree). 
Proper settings were made in excel programme for selection of certain numbers. To 
make sure that the selection was made correctly control graphs were created. One 
example has been chosen - suction pressure 1,66Bar - for all other cases (Fig. 43). 
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Fig. 33 Control graph with 720 values 
Fig. 34 Control graph with 360 Values 
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Fig. 35 Control graph with 180 values 
Fig. 37 Control graph with 36 values 
Fig. 36 Control graph with 72 values 
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From diagrams above can be seen, which graphs should be denied right away. Charts 
with 36 and 72 values do not follow properly original data. The choice has to be 
made among three others. As it was mentioned before other conditions have to be 
fulfilled. Values of net indicated power and indicated mean effective press have to be 
compared. The three suction pressures were chosen as representatives: the smallest 
1,66Bar, middle one 4,34Bar and the biggest one 7,5Bar. 
 
Table 8 Suction pressure 1,66Bar 
 Input points   36 72 180 360 720 
Net indicated power [kW]  2,28 2,29 2,31 2,31 2,31 
Indicated Mean Effective Press [kPa] 388,25 390,21 393,14 393,14 393,15 
 
 
 
 
Table 9 Suction pressure 4,34Bar 
Input points   36 72 180 360 720 
Net indicated power [kW]  4,33 4,35 4,36 4,36 4,35 
Indicated mean effective press [kPa]  737,19 740,54 741,86 741,63 741,52 
 
 
 
Table 10Suction pressure 7,5Bar 
Input points   36 72 180 360 720 
Net indicated power [kW]  3,81 3,81 3,83 3,84 3,84 
Indicated mean effective press [kPa] 649,33 649,33 651,31 653,58 653,6 
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Fig. 38 Results of suction pressure 1,66Bar 
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According to three diagrams above (Fig. 38-40) and controls graph (Fig. 33-
37) the decision was made for the best fit number 360. It means that every degree of 
the rotation corresponds to one value of pressure and swept volume. Just to make 
sure that the P-V diagram was not changed a lot, test with 360 values for suction 
pressure 1,66Bar was made to exclude possible error. Results can be seen in Fig. 41- 
43.  
 
Diagrams in Fig. 33-37 are describing cylinder pressure per one cycle in 
dependency on angle of the crankshaft.  
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Fig. 40 Results of suction pressure 4,34Bar 
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Fig. 39 Results of suction pressure 7,5Bar 
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Fig. 43 Control P-V diagram  
Fig. 42 Control P-V diagram of 360 values 
Fig. 41 Control P-V diagram with all values 
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From the Fig. 43 can be concluded that diagram has not been changed. The 
curves correspond to each other. After that the pressure ratio was entered to the CLD 
file with 360 values. The test of inputting pressure ratios in range 32-720 values end 
up without calculation error. Finding the limit of the programme was attempted. 900 
values were selected from the P-V diagram and calculation failed again as it was 
seen in Fig. 31. 
 
When selection of proper points was finished for all five conditions, all 
calculations were carried out (meaning JPREP calculation and Orbit calculation). 
 
JPREP input file and Input orbit calculation file can be found in Appendix 2. 
 
Results of the calculation: 
 
Table 11 Calculation results of influence different suction pressure 
suction 
pressure 
mean 
operating load 
bearing 
lubricant flow 
peak oil film 
pressure 
minimum film 
thickness 
power 
losses 
[Bar] [kN] [cm
3
/s] [MPa] [µm] [W] 
7,5 1,61 32,51 8,2 4,53 24,4 
1,66 1,87 32,91 13,5 3,54 25,8 
4,34 2,34 33,5 14,6 3,36 27,8 
1,8 2,51 33,65 20,9 2,85 28,7 
7,06 2,63 33,73 15,3 3,2 29,4 
 
For better overview simple charts were created. All results are strongly influenced by 
shape of the P-V diagram. 
 
Bearing lubricant flow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
With increasing load the bearing lubricant flow has to also goes up, because 
of possible break of oil film which should not happened.  
32,4
32,6
32,8
33
33,2
33,4
33,6
33,8
1,5 1,7 1,9 2,1 2,3 2,5 2,7
B
e
a
ri
n
g
 l
u
b
ri
ca
n
t 
fl
o
w
 [
cm
3
/s
]
Mean operating load [kN]
Fig. 44 Chart of dependency bearing lubricant flow on mean operating load 
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It is logical that with increasing load also peak oil film pressure must 
increase. The oil film transfers bigger load and therefore peak oil film pressure goes 
up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It seems that the minimum film thickness is influenced mainly by mass of 
lubricant flow which is increasing according to the Fig. 44. Therefore there is no 
need to maintain thick minimum oil thickness because it is ensured by larger amount 
of lubricant. The diagram also shows that values of film thickness do not change a 
lot. There are in very small range of variation. 
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Fig. 45 Chart of dependency bearing lubricant flow on mean operating load 
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The power losses remained almost constant (range between 24,5 -29,5 W).  It 
can be concluded that the bearing J1 is not influenced by load very much. 
 
5.2.3  Bearing inside diameter 
 
This parameter was changed quite easily. Only difference was in orbit 
calculation. There was necessary make only one JDT file and after that in Orbit 
calculation get required values from calculated data. Input files can be found in 
Appendix 3. 
 
 
               Table 12 Calculation results of influence bearing inside diameter 
bearing 
diameter 
bearing 
lubricant flow 
peak oil film 
pressure 
minimum 
film thickness 
power 
loss 
[mm] [cm
3
/s] [MPa] [µm] [W] 
35 26,57 19 2,37 15,4 
40 29,88 15,4 3,03 19,9 
45 33,02 12,9 3,66 25,7 
50 36,17 11,1 4,24 32,4 
55 39,34 9,8 4,78 39,9 
 
Bearing inside diameter has default dimension 44,5 mm. From the Fig. 48-51 
can be seen impacts on quantities that are influenced by changing of inside diameter.  
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Fig. 50 Chart of dependency bearing lubricant flow on bearing diameter 
Fig. 48 Chart of dependency peak oil film pressure on bearing diameter 
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5.2.4  Bearing width 
 
A default setting for bearing width is 47,38mm. Results of changing this 
parameter are in Table 13 and they were plotted in charts Fig. 52-55. Again two input 
data files are in Appendix 4. It can be seen in these graphs how width influences the 
bearing parameters. 
 
                 Table 13 Calculation results of influence of bearing width 
bearing 
width 
bearing 
lubricant 
flow 
peak oil 
film 
pressure 
minimum 
film 
thickness 
power 
losses 
[mm] [cm
3
/s] [MPa] [µm] [W] 
30 56,09 35,2 1,73 21,2 
35 46,37 25,4 2,2 22,6 
40 39,71 19 2,71 23,3 
45 34,68 14,7 3,3 24,6 
50 30,87 11,6 3,96 25,7 
55 27,94 9,4 4,7 26,4 
60 25,54 7,8 5,5 27,1 
65 23,58 6,5 6,36 27,6 
70 21,96 5,6 7,27 27,8 
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Fig. 53 Chart of dependency bearing lubricant flow on bearing width 
Fig. 54 Chart of dependency minimum film thickness on bearing width 
Fig. 52 Chart of dependency peak oil film pressure on bearing width 
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5.2.5  Oil type 
 
JDynamic software provides a lot of lubricant types that can be chosen. The  
table with them can be seen in Appendix 5. Several of them were selected for 
comparison (Table 14). The proper adjustment in orbit calculation has been made 
(selection of lubricant). Nothing else was changed in input data.  
 
 
 
      Table 14 Calculation results of different lubricant type 
Name of the lubricant 
bearing 
Lubricant flow 
peak oil film 
pressure 
minimum film 
thickness 
power 
losses 
[cm
3
/s] [MPa] [µm] [W] 
3MAF POE 32,43 15,2 2,8 11,7 
Glycerol 7,63 9,2 8,24 31 
ISO VG100 18,15 12,4 4,29 16,8 
ISO VG220 10,45 10,3 6,48 24,5 
ISO VG32 41,47 16,5 2,36 10,3 
ISO VG68 24 13,7 3,49 14 
SAE 10 30,85 14,9 2,91 12 
SAE 30 16,05 11,9 4,7 18,2 
SAE 40 11,37 10,6 6,08 23 
SAE 60 6,52 8,7 9,29 35,2 
MOB1 10W30 19,64 12,8 4,05 16 
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Fig. 55 Chart of dependency of power losses on bearing width 
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Default lubricant is 3MAF POE, oil lubricant flow is quite big with 
comparison to others (higher requirements for oil pump). On the other hand power 
losses are quite low.   
 
5.2.6 Oil supply type 
 
Oil supply type can be chosen from the Fig. 22 in chapter 5.1.1 In Table 15 
below can be seen results of calculation only with changed lubricant supply type. 
Input data are plotted in Appendix 6.  
 
Table 15 Calculation results of different supply type  
Oil supply type 
bearing 
lubricant flow 
peak oil 
film 
pressure 
minimum 
film 
thickness 
power 
losses 
Index of the 
lubricant 
supply type 
 
[cm
3
/s] [MPa] [µm] [W] 
 
single journal hole 17,22 7,9 5,07 11,2 1 
Circumferential groove 32,43 15,2 2,8 11,7 2 
side feed 8,12 7,9 5,06 11,2 3 
single bearing  hole 11,04 7,9 5,06 11,2 4 
 
            From the Table 15 can be seen that only main influence of lubricant supply 
type is on bearing lubricant flow. The circumferential groove is supplying the largest 
amount of the lubricant in dependency to similar conditions. Graphs are attached in 
Fig. 56 Graph of comparison between lubricant types 
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Appendix 7 Oil supply type. Power losses have barely any influence on the oil 
supply type; therefore solution in lowering them is not this parameter. 
 
5.2.7  Oil pressure  
 
Table 16 Calculation results of influence oil pressure 
oil 
pressure 
bearing 
lubricant 
flow  
peak oil film 
pressure 
minimum 
film 
thickness 
power 
losses 
[kPa] [cm
3
/s] [MPa] [mu-m] [W] 
50 5,22 15,2 2,8 11,7 
80 7,04 15,2 2,8 11,7 
100 8,25 15,2 2,8 11,7 
140 10,67 15,2 2,8 11,7 
170 12,48 15,2 2,8 11,7 
200 14,3 15,2 2,8 11,7 
250 17,32 15,2 2,8 11,7 
300 20,34 15,2 2,8 11,7 
350 23,37 15,2 2,8 11,7 
400 26,39 15,2 2,8 11,7 
450 29,41 15,2 2,8 11,7 
500 32,43 15,2 2,8 11,7 
 
As it is clearly seen from Table 16 above, only one result is changing – 
bearing lubricant flow. This conclusion is not surprising, because just oil supply 
pressure is increased and therefore lubricant has to flow faster.  
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Fig. 57Chart of dependency of bearing lubricant flow on oil supply pressure 
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5.2.8  Graphical results 
 
The JDynamic programme provides numerical results as well graphic plots as 
it was mentioned before. Screen shots of plotted graphical results can be used for 
determination of bearing behaviour, specifically magnitude and position of 
minimum film thickness or maximum pressure in the film lubricant.   
Reading of these pictures and computing some additional calculations can be 
concluded for example: the danger of damage by cavitation, the frictional loss or 
the temperature rise. This programme can be also used backwards. In case of 
some failure, there is a possibility of traceability what caused the malfunction of 
bearing like effect of overspeed conditions, low viscosity, worn journal and 
bearings or other influences.  
 
In next several figures can be seen connections between JDynamic output and 
important bearing design criteria, which are: 
 
• Minimum recommended bearing clearance 
• Minimum recommended operating film thickness 
• Maximum oil film temperature rise 
• Maximum recommended operating bearing peak pressure 
• Location of potential bearing fatigue damage 
• Location of oil supply holes 
 
Bearing clearance [1] 
 
  Bearing clearance has a strong impact on the maximum bearing temperatures, 
the minimum film thickness and the maximum peak pressures in a bearing, see in 
Fig. 58. From fluid leakage considerations, it is clear that higher clearances lead to 
lower film thickness values, higher peak bearing pressures and low film 
temperatures. Reducing the bearing clearance has the opposite effect on these 
parameters. Clearly it behoves us to operate at the lowest possible bearing clearance 
so as to operate both the best film thickness and lowest peak film pressure. At the 
same time we must not exceed the maximum bearing temperature.  
 
The minimum bearing clearance is usually calculated from maximum bearing 
back temperature. The maximum temperature depends on lubricant. Company 
experience should be used here. In practise the adiabatic solution is used, it means 
that all frictional heat is carried away from the bearing only by lubricant. It is not real 
condition of course, however it is way for determination of the minimum bearing 
clearance. By calculations of different operating clearances, graph like in the Fig. 59 
can be created. The point of intersection curve of calculated clearance and maximum 
recommended temperature gives us the value of minimum recommended clearance.  
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Fig. 58 Bearing parameters as a function of operating clearance [1] 
Fig. 59 Bearing back temperature as a function of operating clearance [1] 
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 Following pictures are results of default settings – quantities, which are 
similar to current compressor adjustments.  
  
5.2.8.1 Bearing orbit plot: 
 
 
Fig. 60 Polar loading and journal orbit in bearing coordinates 
 
The black dashed curve represents the bearing loads and the red curve 
represents resulting journal orbit in bearing coordinates. This figure helps us to find 
a dangerous place where metal to metal contact can occur. Red letters define a time 
variable. The most dangerous places are where is the lowest film thickness which is 
around angle of 270° to 280°. Oil film thickness there is 2,83 mm. At the peak 
loading the film is thicker. This result was obtained from long printed output 
attached in Appendix 16. 
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5.2.8.2 Bearing pressure plot: 
 
 
 
The Fig. 61 can help us out to find out the best location for bearing splits or 
possible oil holes. It is unreasonable to design them at places where is the biggest 
pressure distribution. The black curve represents the oil film pressure distribution 
which is plotted in a polar plot using the bearing coordinates. The red curve 
represents peak load. This specific plot shows us two high pressures around 0 degree 
and 270 degree in the bearing relative coordinate system. According to the Fig. 61 
good location for the cap split is around 40 degree location (0,27 MPa). High 
pressure spot should be taken seriously, because there could be first signs of material 
fatigue. Material is main aspect of withstanding repeated load on bearing. The 
bearing material should be chosen according the highest peak of oil film pressure. 
Another thing that can be concluded from the figures Fig. 60 and Fig. 61 the peak 
load and peak pressure are slightly at different places. It is correct; it can be seen 
from Fig. 7 too. 
Fig. 61 Oil film pressure locations in bearing relative coordinate system 
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Similar diagram for peak bearing pressure can be seen in following Fig. 62. 
The diagram shows the pressure distribution in the bearing circumferential direction 
as function of the time variable. It can be noticed few letters in diagram. Letter ,,p,, 
represents the angular location of the peak pressure. Letter ,,s,, and ,,e,, indicates 
when the pressure distribution starts and ends.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2.8.3 Journal orbit and pressure plot  
 
 Simmilar ressults can be obtaind in journal coordinate. It can provides us 
better view where wear of journal can occur and where the oil holes should be drilled 
in the journal surfaces if this option is chosen.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 62 Extent of bearing fluid film pressure as a function of time variable, in bearing 
coordinates 
Fig. 63 Peak film pressure locations and orbit in the journal relative 
coordinate system 
  
ANALYSIS AND INTERPRETATION OF ACQUIRED DATA 
 
page 
69 
The Fig. 63 is couterpart to Fig. 61. Only diffrence now is, that it is observed 
from the journal point of view. In the Fig. 63 can be determinated the best location 
for drilling the oil hole which is around 30-50 degree (the peak oil film pressure here 
is around 0,5MPa) or around 100-120 degree (here the peak oil film pressure is 
around 0,4 MPa).  If some cases there will be no possibility to find good location for 
oil supply holes in bearing or journal coordinate, the circumferential groove can be 
applied.   
 
 As it was mentioned before, possible cavitation spots can be determined from 
the journal orbit. Cavitation potential damage rises in places where are rapid and 
large changes of the oil film  thickness.  In our case it is arouond 30 to 40 degree, 
where the oil film thickness jumps from 2,96µm up to 21,85 µm. 
 
5.2.8.4 Lubricant flow plot 
 
Lubricant supply depends on several parameters: supply pressure at the 
bearing, size of the supply hole if there is any and position of this supply hole. 
Amount of supply lubricant is based on the instantaneous mobility flow and the 
pressure induced flow. Both of them can be seen in the Fig. 64 below. Martin flow is 
special type, it is combination of these two types. It can be described as quantity of 
lubricant necessary for operating at calculated conditions. If there are big variation of 
pressure flow there is a chance of possible cavitations damage from supply hole. This 
can be powerful tool to predict and prevent cavitations is such a place.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 64 Bearing lubricant flow components as a function of cycle time 
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5.2.8.5 Bearing jerk plot 
 
In kinematic systems the third derivate of the position is jerk (second relates 
to acceleration). Jerk can be explained as a rate of change of the instant journal 
acceleration. Possible use of the Fig. 65 is for measuring bearing knock; it can occur 
in a given bearing. Also it can be applied for comparative objectives between bearing 
systems. 
 
  
 
 
 
 
 
 
 
 
Fig. 65 Bearing jerk plot as function of cycle time 
  
ANALYSIS AND INTERPRETATION OF ACQUIRED DATA 
 
page 
71 
5.2.9  Comparison among journal bearings of the compressor 
 
When characteristic of journal J1 was finished, comparison with other 
bearings and their characteristics follows. As an example comparison of speed was 
chosen. Other diagrams were added at the end of the document.  
Appendix 8 is dealing with influence of suction pressure.  
Appendix 9 is dealing with variation of diameter bearing. 
Appendix 10 is dealing with variation of width bearing. 
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Fig. 66 Influence of load on speed among bearings 
Fig. 67 Influence of lubricant flow on speed among bearing 
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Fig. 68 Influence of minimum film thickness on speed among bearings 
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Conclusion 
 
• speed 
 
For evaluation the most important bearings are J1, J2 and J3, which are the most 
loading bearings. Speed has almost no influence on mean operating load and it 
should not be because the loading data are same in all cases. Only slight deviation 
going up can be seen with bearing P1and opposite effect on bearing J2 and J3.With 
increasing speed bearing needs to be supply faster with medium therefore bearing 
lubricant flow goes up except W1. More lubricant means thicker lubricant film and 
this has an effect on reduction of peak oil film pressure.  Power losses elevate almost 
with linear proportionality (except w1).  From the Fig. 70 can be also concluded that 
if the working speed is lowered to half of the nominal speed, the result of power 
losses is reduced to half, especially J1, J2 and J3 bearings.  
 
• suction pressure (Appendix 8) 
 
Wrist pin journal bearing is not so important for us to discuss because this 
bearing is not lubricated directly by the oil pump. Special attention should be given 
to journal bearing J2, which the most loaded bearing. Power losses are major 
concern. From the figures in Appendix 8 can be seen that the bearings J1 and P1 
have the lowest power losses if the bearing W1 is neglected. Reason for smaller 
power losses is that they are less loaded and therefore oil film thickness is higher and 
peak oil film pressure is lower. J2 bearing is popping out of the group of the 
bearings. Load is almost twice more higher than the others, bearing lubricant flow is 
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also extreme with comparison to another ones. There is also high probability of metal 
contact because minimum film thickness is only about 1,5µm. Anyway it is known 
from working conditions, that this bearing has long lifetime and it works quite well. 
 
• bearing diameter (Appendix 9) and bearing width (Appendix 10) 
 
These two parameters have similar results except for bearing lubricant flow. This 
is quite understandable because if the diameter is increased the gap between journal 
and bearing is also bigger therefore larger amount of oil has to flow there. On the 
other hand bearing width has the opposite effect. Other characteristics have similar 
shape of functions. Shapes of power losses function are in case of diameter convex 
and in width concave, both of them rising. Again the worst result gets characteristics 
of journal J2. Either way, power losses are quite influenced by diameter thus 
lowering this characteristic if it is possible in order to stress analysis of the 
crankshaft might be a solution. On the other hand, bearing width does not have big 
influence except bearing J2, in comparison to others. There is no significant 
difference if the compressor will be working with narrower bearings (concerning J2).  
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5.3 Tests of the real compressor 
 
5.3.1  Preparation for the test 
 
For comparison between theoretical and experimental results the variables 
were chosen: speed and oil pressure input that is provided by pump. The reason for 
these quantities is that they are easy to change and measure.   
 
Speed regulation 
 
 Speed regulation should be conducted by frequency converter.  As it is well 
known with this device we cannot cross nominal value of revolutions of the engine. 
According to my input data the speed limit supposed to be changed from 600 rev. per 
minute up to 2700rpm. This scale of rotation corresponds to frequency range, which 
is from 20 Hz up to 80 Hz. The engine should hold at least 2800 rpm.  
 
 
 
Oil input regulation  
 
Pressure input regulation will be done by oil pump.  
 
 
 
  
Fig. 71 Oil pump 
5.3 
5.3.1 
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 According to the Fig. 72 below, there is no need to make severe 
modifications for measurement. We can simply unscrew yellow nut and make a new 
one with special dimensions. One side should be same as it is screw of the T-tube, 
the second one supposes to have thread diameter same manometer itself. The bolt is 
pushing on the spring. The spring is designed for 4,34 Bar. The best way how to 
change the input pressure of the pump is to make a special bolt with long thread, that 
we will be able to adjust pressure value for measurement by screwing it up and 
down. After desired value of pressure is reached contra nut will be fixed to the 
copper washer to make sure that there will be no side leak of lubricant. Sealing the 
washer and screw by contra nut will have an effect of constant pressure. For future 
use, the manometer attached to the T-tube can be easily removed and the hole can be 
sealed by nut again. Manometer will not be damaged by continuous using. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 72 Oil pump description 1 
Fig. 73 Oil pump description 2 
Manometer Nut T- tube 
Oil pump 
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5.3.2  Conduction of the experiment 
 
The experiment was conducted in the Emerson™ Climate technology 
Mikulov. Three out of five conditions were measured, because the process of 
measurement is quite time consuming and also some problems may occur. These 
three terms are low temperature, medium temperature and air condition. The 
compressor was tested on test stand GC100.  The results will be plotted for whole 
scale of frequency. In attached file is possible to look at the measured results more 
closely and independently on each measured frequency.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 74 The test stand 
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Fig. 76 Description of test room 1 
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Fig. 77 Description of the test room 3 
 
 
 
 
On the Fig. 77 above can be seen temperature and pressure sensors that can 
be found on the pipelines. Orange right cable belongs to oil temperature sensor, 
which was measuring temperature inside the crankcase. On the front view of the 
compressor can be seen an oil pump. Certain modifications were made on it. The 
first proposal I have already described in point 5.3.1. The oil pressure regulation 
supposes to be carried out by screwing the bolt up and down and when the required 
oil pressure is achieved, bolt will be constrained by contra nut for stable oil pressure. 
(The drawing of the screw is listed in Appendix 11.). During the preparation, this 
idea did not seem so well-considered, because the lubricant under such a pressure 
leaked from the pump. The contact surface between the pump and washer sealed by 
contra nut was not sufficient. Another adjustment was made. The oil pump was 
equipped by bypass. The bypass was closed during begging of the procedure.  
 
The first measurement was conducted on 50 Hz, low temperature condition. 
When the compressor reached working conditions and stay on it for a while first data 
were taken. The idea was to take three measurements at one frequency because of 
statistic and possible error in the measurement. The first measurement was taken 
when the working conditions were reached; the throttle valve was fully closed. The 
second acquired data suppose to be taken at half opened valve and the third one at 
fully opened valve. After the first observation of measurement was concluded that is 
not necessary to measure at three points, because only slightly difference in quantity 
of temperature and pressure could be seen and also it was quite difficult to reach 
t1 
p1 
t2 
p2 
Sensor for inside 
pressure 
Sensor for inside 
pressure 
Bypass 
Throttle valve 
Oil temperature 
sensor 
Oil return hose. 
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every time same position of semi closed throttle valve. So for the further 
measurements only two values were taken to account when we have fully closed and 
fully opened throttle valve. Quite a big issue was duration of measurement.  We had 
to wait a while in order to stabilize the system for taking another value. When the 
valve was open it had influence on the pressure inside the crankcase, which was 
going down rapidly. The value of decreased inside pressure was approximately about 
one bar all the time. The explanation of this phenomenon is that the oil is going to 
the shaft as well to the oil bath inside.  
 When the measurement of one frequency was finished, next step was to 
change the speed by frequency converter. As it is assigned from default 50 Hz 
(corresponds to 1450 rpm) we went down to 40Hz. Again we had to wait until the 
temperature and pressure stabilized on required values. To accelerate the 
measurement procedure, the refrigerant was added or taken away. Also on operating 
keyboard operator made some modifications to speed up the process (Regulation of 
control valves). From 40 Hz we went down to 30Hz then 20Hz. After that 50 Hz was 
reached again (the engine with high certainty would have shut down if we did not go 
to the middle point 50Hz) and next step was progress to higher values: 60Hz, 70Hz 
and 80Hz. 
The output results were recorded and exported to excel file for future use. 
During measurement several problems occurred, mainly because of an engine 
protection. This safety protocol protects the engine from overheating, or if the 
crankcase is filled with too much lubricant. We had to wait until the compressor 
temperature got down to acceptable level and system can start work again.  
Inside of the crankcase is gas check valve. This part ensures constant pressure 
in the crankcase. It prevents compressor to not tear apart. On the Fig. 78 below can 
be seen 8 cylinder body of the compressor which was currently dismantled.  
 
Gas control 
valve 
Fig. 78 Gas control valve 
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5.3.2.1 LOW TEMPERATURE CONDITION TEST 
 
Rest of the quantities are listed below (defaults and measured ones): 
 
Table 17 LT compressor settings 
quantity units value explanation 
t2 [°C] measured Discharge temperature of the compressor 
ta [°C] 32 Ambient temperature inside testing room (given by 
the standard EN 12 900) 
p1 [Bar] 1,66 Input pressure pipeline 1 
p2 [Bar] 18,17 Output pressure pipeline 2 
toil [°C] Measured Oil temperature 
pcrank [Bar] Measured Pressure inside the crankcase 
poil [Bar] Measured Oil supply pressure 
 
It is important to notify that during morning measurement of low temperature 
condition we had some problems. First when we tried to reach working conditions 
engine just shut down itself. Next big issue was heat exchanger which had a 
malfunction. It did not cool the air properly and it was quite difficult to stabilize the 
system on required conditions. Around a noon maintenance workers were able to fix 
it. These failures can be seen in following charts. Experimental results (measurement 
data) are in excel file on CD. Fig. 80-89 show the course of conducted experiment 
measurement results. It can be seen how we were able to achieve required values 
were achieved. 
Fig. 79 LT Compressor settings 
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Red line represents required condition. 
Approximately after four hours problems were solved and we got nice stable 
experimental environment that can be clearly seen in the Fig. 80-86. 
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Fig. 80 LT Suction gas return 
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Fig. 81 LT Suction pressure 
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Reason why the oil temperature was measured is comparison with theoretical 
settings. My presumption was that the oil temperature inside the crankcase is same as 
lubricant oil supply. The default setting is 80°C, from the Fig. 83 above can be 
conducted that this temperature was well chosen for theoretical calculations. 
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Fig. 82 LT Output temperature 
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Fig. 83 LT Oil temperature inside the crankcase 
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Fig. 84 LT Condensing temperature 
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Fig. 86 LT Evaporating temperature 
-60,00
-50,00
-40,00
-30,00
-20,00
-10,00
0,00
0:00:00 1:12:00 2:24:00 3:36:00 4:48:00 6:00:00 7:12:00 8:24:00
T
e
m
p
e
ra
tu
re
 [
°C
]
Time[hhmmss]
Fig. 85 LT Output pressure 
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For better overview of all results for LT condition diagrams were created with 
measured results in different frequencies. These charts can be seen in attached excel 
file where charts are separated by frequency. The graphs below are combination of 
these charts. 
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Fig. 87 LT Measured pressures 
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Fig. 88 LT Pressure dependency on frequency 
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Conclusion: 
 
  As it can be seen from the graphs above, opening the throttle valve did not 
have almost any influence on pressure in crank case. The difference between the 
required pressure and actual one in the compressor was eliminated by gas control 
valve automatically.  
 
Crank shaft speed influence:  
 
From the last two graphs Fig. 88 and Fig. 89 can be conducted that the result 
of lowering the crank shaft speed is decreasing temperature as well the lubricant 
supply pressure.  
 
Temperature: 
 
There are some certain strange anomalies that can be seen in Fig. 89.The 
temperature is going up until 40Hz, later going down and up again.  The reason for 
these phenomena can be short stabilizing time of the system, which will require more 
time to improve the measurement. LC measurement procedure did not give us good 
results. It will be also proved in further investigation too. 
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Fig. 89 LT Temperature inside the crankcase 
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5.3.2.2 MEDIUM TEMPERATURE COMPRESSOR TEST 
 
 
Table 18 MT compressor settings 
quantity units value explanation 
t2 [°C] measured Output temperature of the compressor 
ta [°C] 32 Ambient temperature inside testing room (given by the standard) 
p1 [Bar] 4,34 Input pressure pipeline 1 
p2 [Bar] 20,47 Output pressure pipeline 2 
toil [°C] Measured Oil temperature 
pcrank [Bar] Measured Pressure inside the crankcase 
poil [Bar] Measured Oil supply pressure 
 
First measurement which was conducted was to find out ambient temperature 
inside the crankcase. Reason for that was to enter correct value to the programme for 
better comparison. Default value was set to 80°C.  
 
 
 The measurement process record have been attached in Appendix 12 
Fig. 90 MT compressor settings 
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It is clearly seen from the chart Fig. 91 above, 80°C assumption of the 
temperature inside the crankcase was not good. The ambient temperature is cooler 
and it supposes to be set to approximately about 57,4°C.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this particularly diagram can be seen more apparently effect of opening the 
throttle valve of the bypass. The pressure inside the crankcase is going up in range of 
frequency below 50 Hz but with frequency above the 50Hz pressure decreased. The 
procedure how the frequency were set cannot be actually seen in this particular chart. 
But as I mentioned before the measurement was conducted in this sequence 
50Hz⇒40Hz⇒30Hz⇒20Hz⇒ middle step 50Hz and after 60Hz⇒70Hz⇒80Hz. 
Timeline corresponds to the sequence.  
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In medium temperature condition measurement we weren’t able to measure 
the lowest and the highest frequency. The engine could not hold it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From charts Fig. 83 and Fig. 94 can be seen similarity between the curves of 
temperature dependency on frequency. 
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5.3.2.3 AIR CONDITION 
 
 
 
Table 19 AC compressor settings 
quantity  units  value explanation 
t2 [°C] measured Output temperature of the compressor 
ta [°C] 32 Ambient temperature inside testing room (given by the 
standard) 
p1 [Bar] 7,06 Input pressure pipeline 1 
p2 [Bar] 22,98 Output pressure pipeline 2 
toil [°C] Measured Oil temperature 
pcrank [Bar] Measured Pressure inside the crankcase 
poil [Bar] Measured Oil supply pressure 
 
Third case is special, because motor is not designed for working in these 
conditions. The x mark is not in working map (Fig. 95). Either way it was possible to 
measure some frequencies. If measurements of AC suppose to be conducted 
properly, different motor have to be chosen. 
 
 The measurement procedure results are in Appendix 13. 
Fig. 95 AC Compressor settings 
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Fig. 96 AC Temperature in the crankcase 
 
In the last measurement result can be seen a little differences (Fig. 96), but 
the characteristic are same. With higher speed the temperature is increasing. It is not 
severe warming of the system but it is well known that any change of the temperature 
has some influence on viscosity of the lubricant.  
 
5.4  Comparison and evaluation of measured results 
 
Two measured quantities at three different operating conditions were compared 
in Fig. 97, namely oil temperature and discharge temperature versus frequency 
(speed). Measured compressor uses a valve-plate. Valve plate is a component of the 
compressor which allows, by mean of using reeds, sucking refrigerant into the 
cylinder (suction reeds) and discharge of hot refrigerant gas after compression from 
the cylinder (discharge reeds). Suction and discharge reeds are designed to operate 
effectively in the range 50-60Hz, standard operating frequencies of EU and US. If 
the frequency raises over this range the losses of suction and discharge increases 
(higher speed of gas through the suction and discharge holes and fast opening of 
reeds) and therefore discharge temperature is raising as well. This can be observed in 
Fig. 97. From the same figure we can state that there is a direct relation between oil 
temperature and discharge temperature, in other words oil temperature increases in 
the same way as discharge temperature with increasing frequency. 
On the other hand if we think about low frequencies. The situation is more 
complex. Discharge temperature is not increasing mainly because speed of gas 
through discharge holes is lower at low frequencies. Generally we could expect that 
oil temperature should rise with decreasing frequency because also oil pressure is 
decreasing Fig. 99 and so the transport property of heat out from the bearing is 
decreased. But with decreasing frequency also bearing losses are reduced Fig. 70 and 
therefore heat production in the bearings is less. These two effects might balance 
each other and cause oil temperature to stay constant at low frequencies Fig. 97. 
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LT condition 
 
As it was said bef
condition and AC condition weren’t so bad. From 
be clearly seen good tendency of pressure rise in gas check valve, but in the 
not so much.  
 
Fig. 97 Oil temperature comparison 
Fig. 98 LT results 
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Two reasons can be conducted from 
• less oil flow through the bearing
• rising temperature of discharge gas
 
Also other thing is clear. The radical drop of 
 
Fig. 99 Pressure comparison of the oil pump
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Fig. 98 why the temperature oil rises:
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In the Fig. 99 can be clearly seen step in the oil pump pressure production at 
50Hz. So it is clear that the compressor is designed well and suitable for 50Hz. The 
pump was designed for around 3 bar of pressure production. Normaly ∆pressure 
across gas-check valve depends on velocity of the main stream. Velocity of the main 
stream is going down with decreasing frequency. Therefore preassure drop should be 
decreased with frequency. From Fig. 100 it's clearly possible to see that measured 
values at low frequencies were not well measured (not enough time for reaching 
stability). Industrial standard requires minimum 15 minutes of stable running defined 
in EN 12900. In our case we waited about 8 minutes.  
 
There have to be made some modifications of the theoretical measurement, 
because of changed ambient temperature which is below 80°C. Other measurements 
were conducted concerning the ambient temperature in different conditions and it 
always changed. Therefore there is no stable ambient temperature that can be entered 
to the programme as constant. If we would like to compare theoretical and practical 
results dozen of experiments had to be carried out at different conditions and stay on 
them for a while to ensure good results.  
 
It was desired to compare theoretical and practical measurement, nevertheless 
it is a subject of further research because we do not posses procedure and equipment 
for measuring film thickness, bearing back temperature, film temperature, bearing 
lubricant flow or other calculated parameters. There is a possibility to measure 
bearing back temperature but if the hole will be drilled near the bearing and the 
temperature sensor will be placed there, there is high probability of influence on 
other parts too (film thickness, bearing lubricant flow...) This could be a subject for 
further investigation.  
   
All calculations made in excel programme are attached on CD. 
  
ANALYSIS AND INTERPRETATION OF ACQUIRED DATA 
 
page 
95 
5.5  Proposal of bearings improvements for current compressor 
 
It is not so simple to design the ,,best“ bearing but it can be done many things to 
achieved good one. We would like to minimize the losses as much as possible. From 
my parametric study can be deducted what is the weakest link with highest losses 
(J2). But some precautions have to be made. If bearing width going to be enlarged or 
diameter is decreased it has to be understood that the other parameters will change 
too.  This can be quite problem because of the design of the crankshaft has to distil 
into account. Either way procedure should be as follow: design desired journal 
bearing with optimum parameters from the lubrication point of view and afterwards 
stress analysis of the crankshaft should be next step. Or do the design of the bearing 
and the crankshaft should be done simultaneously. 
 
5.5.1 Bearing dimensions 
 
Main goal will be decreasing power losses. From the parameter study can be 
determined that the most loaded bearing is J2. Nevertheless this bearing works on 
50Hz quite sufficiently. Idea of solution is to get closer with bearings J1 and J3 to J2 
values with peak oil film pressure and minimum film thickness. In Table 20 below 
there are suggestions how the dimension of the bearings can look like. 
 
 
Table 20 Bearing dimension design 1 
J1 
bearing 
diameter 
bearing 
width 
minimum film 
thickness 
peak oil film 
pressure 
power 
losses 
[mm] [mm] [µm] [MPa] [W] 
default 44,55 47,38 3,6 13,2 25,2 
proposal 35 32 1,35 42,1 13 
J2 
bearing 
diameter 
bearing 
width 
minimum film 
thickness 
peak oil film 
pressure 
power 
losses 
[mm] [mm] [µm] [MPa] [W] 
default 44,55 47,38 1,88 47,3 41,7 
J3 
bearing 
diameter 
bearing 
width 
minimum film 
thickness 
peak oil film 
pressure 
power 
losses 
[mm] [mm] [µm] [MPa] [W] 
default 44,55 47,38 3,67 14 29,4 
proposal 35 34 1,33 39,9 15,5 
 
 It can be seen that with these new dimensions of J1 and J3 can be power 
losses reduced up to almost half of them.  
 
 Speed variation  
 
According to the Fig. 70 lowering speed of the main crank shaft decreases 
power losses. In next Table 21 can be seen jump from 1450rpm to 730rpm which 
corresponds to 25Hz. The result is that oil pressure is higher and minimum film 
thickness is lower. Some calculations have been made to increase the minimum film 
5.5 
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thickness at least on default value of J2 bearing. The minimum film thickness is 
mainly influenced by bearing diameter and the bearing width influences the peak oil 
film pressure because of better pressure distribution. Anyway it is not recommended 
to go L/D ratio below 1, so it is not good to lower width only for getting bigger 
pressure close to origin one. Either way power losses have been decreased again 
almost half of them.  
 
 
Table 21 Bearing dimension design 2 
 
bearing 
diameter 
bearing 
width 
minimum 
film 
thickness 
peak oil 
film 
pressure 
power 
losses 
speed 
 
[mm] [mm] [µm] [MPa] [W] [rpm] 
default 44,55 47,38 1,91 47,3 41,7 1450 
 
44,55 47,38 1,01 55,2 13,3 730 
proposal 55 55 1,98 30,8 22,8 730 
 
5.5.2 Bearing material  
 
Bearing material properties were discussed in chapter 1.4. In this paragraph 
are described some other possibilities of different materials. 
 
Multi metal layers material bearing: 
 
• Three metal bearing layer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This material is consists of three components and bearing like this one is mainly 
used in diesel engines, but it might be good try to use them in compressors. Babbitt 
layer serves as a cushioning layer which allows a slight misalignment.  
Fig. 101 Three metal bearing layer [14] 
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• Multi metal layer bearing  
•  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the Fig. 102 is improvement of 3 layer bearing material. Nickel layer 
creates a barrier prevents or decrease diffusion of metallic components from the 
babbitt. 
 
Another example is metal-polymer material which has been tested with quite 
good performance and lifetime results. This material is a hybrid composite of carbon 
fiber reinforced phenolic composite and metal bucking. It was mainly designed to 
solve seizure problem of white metal lining journal bearing. It has been improved 
friction and wear characteristics. This carbon fibre reinforced by phenolic was not 
susceptible to change of load and velocity under the same value of pressure and 
speed.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 102 Multi layer bearing material [14] 
Fig. 103 Metal polymer structure of bearing material [15] 
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It typically consists of steel bucking, porous bronze layer and a polymer part 
which is overlaid and impregnated into the intermediate layer. The material of 
polymer is usually PTFE that is known for its self lubrication ability, wear and 
fatigue resistance. It also helps during the startup and shutdown of the compressor 
system, when it is susceptible to boundary and mixed lubrication.    
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 104 Lubricated wear comparison [15] 
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6. CONCLUSION 
 
The main goal of this master thesis modelling of current compressor journal 
bearing lubrication by JDynamic software has been mostly achieved.  
 
The introduction is devoted to journal bearing design theory. The next part is 
JDynamic software analysis of recent compressor data. The following part of the 
paper journal bearing J1 is characterized with its input variables. The comparisons of 
the other four journal bearing are mentioned at the end of the parametric study. For 
the presentation of the results, charts have been created in Microsoft excel. 
 
The practical measurements were been conducted in the subsidiary office in 
Mikulov. Two variables were been measured: speed and oil pressure. It was desired 
to compare theoretical calculations with practical experiment measurement. Either 
way it was found out that it is not so simple, because recent science is not able to 
measure certain quantities like: minimum film thickness, peak oil film pressure at the 
bearing and other values that are subjects of this research. However this paper can be 
used as a study base for the future development.  
 
At the end of the document there are few suggestions for improvements of 
current compressor concerning bearing material and dimensions. 
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8.3  Nomenclature 
 
Ob - center of bearing 
Oj - center of journal 
e mm eccentricity 
E - location of maximum clearance 
F - location of minimum clearance 
ζ ° angular coordinate measured form position of maximum film 
thickness 
Rb mm radius of bearing 
Rj mm radius of shaft 
C mm radial clearance 
h µm film thickness 
ε - eccentricity ratio 
Ф ° load angle 
α
* 
° complementary load angle 
ς0 ° angle of maximum pressure in the bearing 
ς2 ° cavitation starts angle 
P0 MPa mean pressure  
P MPa maximum pressure 
L mm nominal length, length of sliding surface in direction of motion 
D mm nominal bearing diameter 
F N bearing force (nominal load) 
S - Sommerfeld number 
η Pa.s dynamic viscosity of the lubricant 
N rev/min rotational frequency 
U m/s sliding velocity 
W W bearing energy loss 
FF N frictional force 
f - coefficient of friction 
P MPa specific load or load per unit of projected area 
hc µm film thickness at the transition point 
Rmax µm maximum surface roughness 
R mm radius of bearing 
Θmax ° maximum permissible bearing temperature 
Θeff ° effective temperature of the lubricant 
Θ1 ° lubricant temperature in pockets 
Θ2 ° lubricant temperature at the exit of the bearing clearance gap 
Rt µm journal surface roughness 
hmin µm minimum allowable film thickness 
Iaxial - influence coefficient for axial deviation 
Zaxial µm axial deviation 
Rzb0 µm average peak to valley height on the bearing surface 
Rzs µm average peak to valley height on the shaft surface 
Iradial - influence coefficient for radial deviations 
Wt µm waviness amplitude 
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β µm axial misalignment 
Qs cm3/s total lubricant flow 
Qz cm3/s outflow of lubricant squeezed in the gap 
Qe cm3/s Hagen-poiseuille equation 
qz - lubricant outflow coefficient 
Pe W effective power 
ηeff Pa.s effective dynamic viscosity of the lubricant 
qe - flow coefficient 
t2 °C discharge temperature of the compressor 
ta °C ambient temperature inside testing room 
p1 Bar input pressure of pipeline 1 
p2 Bar output pressure pipeline 2 
toil °C oil temperature 
pcrank Bar pressure inside the crankcase 
poil Bar oil supply pressure 
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9. APPENDIX 
 
Appendix 1 P-V diagrams 
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Appendix 2 Suction pressure input 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variation of loading orbit calculation 
Variation of loading Input file calculation 
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Appendix 3 Bearing diameter input 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variation of bearing diameter input file calculation 
Variation of bearing diameter orbit calculation 
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Appendix 4 Bearing width input 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variation of bearing width input file calculation 
Variation of bearing diameter input file calculation 
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Appendix 5 Table of oil type 
 
 Lubricant type 
name of the 
lubricant 
temperature 
dynamic 
viscosity 
temperature 
lubricant 
density 
specific 
heat 
ATM Hydraulic Fluid 0 0,066 40 825 1900 
Di-2 Ethylhexyl 
Sebacate 
0 0,055 100 910 2000 
Castor Oil 10 2,42 40 950 2130 
Energol Trans Oil 0 0,061 38 873 1900 
Ethanol 0 0,00177 30 789 2200 
Ethylene Gly -23 0,3 44 1000 2400 
Glycerol 0 12,1 100 1260 2350 
Glycol90 -23 0,2 44 1000 2400 
Glycol70 -23 0,07 44 1000 2400 
ISO VG32 -18 1,4 40 860 1880 
ISO VG46 -18 2,5 40 880 1860 
ISO VG68 -18 5 40 880 1860 
ISO VG100 -18 8,5 40 885 1850 
ISO VG150 -18 18 40 890 1840 
ISO VG220 -15 20 40 892 1910 
Methanol 0 0,000814 20 800 2520 
SAE 10W -18 1,8 40 860 1880 
SAE 10 -1,1 0,22 37,8 880 1860 
SAE 0W20 -30 1,7 29 860 1880 
SAE 20 -18 3,5 40 880 1860 
SAE 30 -18 12 40 885 1850 
SAE 10W30 -18 1,8 40 860 1880 
SAE 40 -15 18 40 890 1840 
SAE 25W40 -20 22,14 40 888 1840 
SAE 50 -10 18 40 892 1910 
SAE 60 -1,1 2,2 27,8 890 1920 
OmniLube 60 -18 0,048 38 800 2000 
OmniLube 100 -18 0,08 38 800 2000 
Pentosin -18 0,3 40 870 1880 
Polydimethyl Siloxane 0 0,082 100 970 1550 
TetraChloroDiphenyl 40 0,06 100 1420 1200 
Tolulene 0 0,000771 40 867 1670 
Water 0 0,00178 40 1000 4182 
MOB1 10W30 -18 2,35 40 860 1880 
3MAF POE -18 1,4 40 980 2000 
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Appendix 6 Oil supply type 
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Appendix 7 Oil supply type 
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Appendix 8 Suction pressure influence 
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Comparison of peak oil film pressure among the bearings 
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Appendix 9 Variations of diameter influence 
 
Comparison of bearing lubricant flow among the bearings 
 
Comparison of peak oil film pressure among the journal bearings 
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Appendix 10 Variations of width influence 
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Appendix 11 Screew drawing 
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Appendix 12 Medium temperature test results 
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Appendix 13Air condition test results 
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Appendix 14 MT condition 
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Appendix 15 AC condition 
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Appendix 16 Long output file  
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